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(54) MANUFACTURE OF SEMICONDUCTOR INERTIA SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a low-cost 
semiconductor inertia sensor which requires no laser 
processing, is fit for high volume production, has a low 
parasitic capacitance, high sensitivity, high accuracy and 
excellent dimensional accuracy. 
SOLUTION: A first silicon wafer 21 is bonded to a 
second silicon wafer 22. The second silicon wafer 22 has 
a higher etching speed than that of the first silicon wafer 
21 to a predetermined etchant. The first silicon wafer is 
ground to a predetermined thickness, thereby forming a 
single crystal silicon layer 24. After the single crystal 
silicon layer 24 is bonded to a glass substrate 10, the 
second silicon wafer is etched and removed. The 
remaining single crystal silicon layer is selectively etched 
and removed, whereby a semiconductor inertia sensor 
30 having a pair of fixed electrodes 27, 28 of the single 
crystal silicon and bonded to the glass substrate and a 
movable electrode 26 of the single crystal silicon held 
between the fixed electrodes and floating over the glass 
substrate. 
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[1**111] Si ->Ua>C7i-/\(2i)|CBir^o5x. > 
^i'X-ICHLTBuIHmi ->'J =i>£x-a (21) 
OX y 2yiJa^!-A (22) £ 

«y**>1*T»JItt (23) £fl*Jdcl>-.5XtI<h. 
msim 1 > 'J 3 y> x -/\ (21) «rSfS©H$ (cWg LT 
*^ B ^-> U □ >S (24) ^iOEt^ISi, 
MEWI* (23) «J 3 >J1 (24) u T ;tf 

5*s*g(io) (cg^-r^x^t. 

BljIESg 2 -> y 3 (22) «MBx?7-t > hTx 

«#LfcS5iE*SS-> U 3 >Jf (24) >>^> 

^fcs-rscticfcy, 8uie^*7^sts(io)±icffi^b 

U a >^bft^-M©aSii (27, 28) imi 
l5-*t(D@S:m^ (27, 28) l=***U&0|KHE#5X»fi 

no) ©±^ic;?»-r*im£s->y =1 >0>&a«prn*& 

(26) t**r**SK*«tt-fc>if(3a 60) ^^^XSi: 

t«*JS2] ^*7^s<g(io)±(c^aj«@(i2)$jf5fie 
-r^xgi. 

811 ->U3>-5x-/\(21) lCBfS©x«/^^>KcBU 

Tsuiem 1 -> y 3 > x -/\ (21 ) j; u k i y >vm 

mZGTZm 2 -> y 3 >9 X -A (22) £ U U 6*>t*T» 
«tt(23)*JB«-r.5ig£. 

buiss 1 -> y 3 > 0 x - a (2i) &m&<om <* icwe ut 

*»AV> 'J =1 >H (24) JIElSniS,!;, 

h'jIE«JI<* (23) effl£J|iiga-> 'J a >jf (24) £tf UTstj 

le&ajsti (i2) tm&i£ti£.»»*m< # 7*sts do) 
ics^t-^xgi, 

mam 2 ->y 3 >£ X -A (22) ^HuISXy^^ > KT'X 

^^^^^-r-sxai:, 

^bfcB«iie^j£s-> y 3 >a (24) ^Mmffnz^y^> 

?&liTZ>zt y . Buifitf^xSlg (10) ±(Cmiie^ 
tiilHI (12) E»flLT»»**JIMjMl->iJ 3>a>Sfc* 
5T»aS (26) **^«*»f*tl14-b>-y- (40, 70) Z'&Z 

[H#II3] ^'7^Sfi(lO)±(c^aiStl(12)*Jf*fiE 

•r^xsi, 

* 1 > y 3 >0 i-a (21) (CBFf^WX 7ft>hi:HO 

TH'iiemi ->y 3>£x-A(2u<fcysi\x..y^> ; yg 

&£*-r-5Sl 2 >y =i >£ X -A (22) •SBiSy ^toti-TS 
Jlfc (23) £Jf$fiTr -SXfli. 

mum i ->y u.>0 X -/\ rd ^m^m^izmmLr 
*«a->y 3 >ji (24) suniit, 

H'jlH«e<* (23) «miBKi«S-> y =i >jf (24) LTmJ 

£fcaj«ti 02) a»«j«a*i*:»#£i*< # 5 *«s no) 

BUIEm 2 -> y 3 x -A (22) £su!Ex ^tvh-pi 
^??U/tmife^tS B ^->y 3>® (24) £g*RMlcx-;/^> 



y»*r*c«tCJ:y. H5te^7X««(10)±lc^L 
'J 3>^e>fc-5-*t<D@£«li(27, 28) <tj?u 
lEBSBti (27, 28) lCft$tl^omiB«(D«a (12) <D± 
5jlwJ9ft-#"*^S-> y 3 pTgftQg (26) <t£ 

Wt--5*j»tt1@tt-b>1t (50, 80) *»*is£*£tf* 

[OOOI] 

IC H "T & *> © -5. 
[0 0 0 2] 

T> ®//5^S«<!:^a->yzi>cDfllii^&^:*ftig 
ft&mir>y-W&m2tiTl\% (M. Hashimoto et al.. 
"Silicon Resonant Angular Rate Sensor', Techinica 
I Digest of the 12th Sensor Symposium, pp. 163-166 
(1994)) . Z\<D-t>D-immZ h->a>A-TSit 

ffitt*«ME»lcj:oT»««tiTt^*. ftjgftjQtftfl]-*- 
*i^r»««lC3U*ij*^i;x. siidmffi^h---> 

(4 c © *iwnmamm iz j; § niiiis® t tk&mmt <om 
ommumomtizj: y &m uttmmz&&r%. 

[0 0 0 3] ^<D-k>V£ftm?Zm${ZlZ. m.2 2 0 
OMmffgOgg^fjl^ (110) (D^J3 a B a vij3>S 
I^IffiSI (c*t l/TII i;i •> ^ >^ UT Biiid^gs 

*liici7f>^5t«)i;iis Fe^icd; -as;* 
ttl { 7'fi»^>^5^ aEiWih— > 3 >A-(D 
^m^a?»^M(t*g(D|iSg|5(C Y A G U— »fT?Lfe(t 
*?r^^(C, KOHfti*^IyHyf>^ ff:l 
Xy^>^ipx^tro/f>y 3>Sffi(Jfitg^ 

[0004] £fi2%i<D*mi*mi±ii>v-tLT. ®->y 

3>S<g±(CXy^>^-C^S^/t^-><kUfe^. 

^*-r^ c <t(cj; y sjift^i i^to* y -> y 3 >jgjj 
^^Jf5fiSUAcv''rOPv^-rp (K. Tanaka et al., 'A 
micromachined vibrating gyroscope'. Sensors and A 
ctuators A 50, pp. 111-115 (1995)) #§Bj*;**lTO 

•>y 3>s«(c^««sa:»(c«fccT^ai H ig*jKfijti„ 

>^^©»DX*f7oT^iti*^ff5fiEt-*. g^lclgtt^ 

^x.>^>^rccfcy^t-^ci(c«fcy, vjmmmsm 
[0 0 0 5] $^ij©*®<*ti14-fe>-y-<tLT. 
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^Wl!|je^;£^M^$nTlN-5 (ftBS¥ 7- 2 8 3 4 2 
0) „ COmm^m-Vit. Xy^* hy^if •£fl-LT&5 
U £>t>M1Z 2 #{CD £ x -/\<D o t> <D 1 tt <Z>2 x -/\ IC ol 
K)tHIgP»;&tf@5£S£g&#<DADX£mV C(DJ|QX£ 
?7 o >fc * x £ UTftS U ^-tj-tt £ x # 

[0 0 0 6] MlC&J<D¥iH*1fl5fe-fe >-*<!: LT> ®;tf^ 
<h ¥t& A •> U =l ><D«ii^ e> t£ -5 W □ * □ - 
(J.Bernstein et al., 'A Microma 
chined Comb-Drive Tuning Fork Rate Gyroscope', IEE 
E MEMS '93 Proceeding, pp. 143-148 (1993)) . Z\<D-J 

V^tfcgftOTt^txvynysffigR^x^^v^tj; 

[0 0 0 7] 

[fgW#fl$2*L<fcp<!:-rsiS!I] ±§e®~®cOfiE3R0D-fe 

y □ ^stmatmmH&mzmnsto 
ic<fc y # 5 xsts icPjS y m \x nJiamtiic/j: i \ c i 

tfih^ft, C(0lAy#€? (sticking) £R/K*/t»lCpTi!i 

[o o o 8] ®©v-r ^py^^pii. ->y=i>^ x - 

[0 00 9] ®(Da®)^*«»m^ ©Kit^&Tfi. 2 
tttf) -> y □ > -5 x -/\ £ i,S y ^tott & g5 |c —-h<d 0 x - 

<b'<£3Mi9cD;o^.5Xg££>M<!: U/to 
[0 0 10] MlC®<£vWPX3-:*DI2ii;fr;£T' 
»4. **P L;ta5#£x<;/ \~V?WM£[sX 

±<D^\zit^-j^ v j- >#\z&. y ni»imi£-*>@£g 
s©5 * < & y . ^smsic^ -5 na£ft<& o >t . 

[0 0 1 1] *%^(DiWli. U — tfJWX^gT^M 
±S(Cil^. fiP^r-<D¥®{*tai4-b>-y-<Di!|jl^-S 

zmmTzztizfr*. 

[ooi 2] ^w©«u<DBMii. §^ga*<ffi<. m 



[ooi3] ^WOMlcgijwg^ii. T|-;£fi}g[c@*i 

[0 0 14] 

[^e*ft¥*t-^fc<6(D^ffi] 1 lCfi6S58W(i. 

@ 1 7 lc^-T<fc p ic. Ai ->y a>-5x-/\2 i 
cw^xy^-^McHUTSBi '>y=i>Sx-/\2 

1 <fcym^x.;,5 1 >^gg£:frlr.5m2->y=1>^7x- 
/^2 2£l!Ay^b-ttT«fif*2 S^JKfiK-r^XHi. H 

•> 'J □ >® 2 4 £Jfcfi!t-f £Xf§<t. 2 3 a 

-> y a >ji 2 4 ^tT*7^ii i o izm-&?zxm 

m2->Ua>-i7x-/\2 2*HulEx->^r >hT'X 
>>5 1 >^*t-^XIi<t. ^?¥Ufc**SS->y 3>I2 
4t«R«i:iyf>yHitt4c:ii:j:ij. *'^^S 
«1 0±\z&&l,fi:mmil,i/V?>frq>tzZ-n<z > fi% 
m®2 7, 2 8i-W©@Sil2 7, 2 8IC»{$^ 

^^'^xst5i o©±^icj9»-r-5^s->y a>^f, 
#-5«5T»«g2 6i^^t-*¥i»i*M14-b>-y-3 0, 6 

•So 

[0 0 1 5] W^II2lC^^^|i > @4S^0 8IC^ 

xe<t. Si ->yn>^ x -y\2 i icStS<dx->^a»> 

hlCKLTA 1 v'J a>-i7 X -/\2 1 <tyjl5l\xy^> 
^^^^^•5^2 ->y □>5i-A2 2$:PAy^t)-a- 
T««<*2 3ZBtii-fZ>xm£. & 1 -> y zi >^ x -/\ 
2 1 €»fS<0Jl$IC{9fgUT¥J£S->y 3>®2 4*ff$ 

(dc-r^xst. »€»2 3£Jmas->yn>jg24£^ 

bT«aimSl 2^fig$tX/cg|J5i-*|»<^7^S«1 
OlC^r-SXgt. m2->iJzi>^x-/N2 2$guie 

ea B a ->Ua>i2 4^i)Rft|;i 7 f >^ SnC(! . 

icty, ^^^stsi o±ic«iaja^i 2i;«isn,ti? 
»<*tftt-fe>^4 o, 7 o&mzxm£&$ts¥m#m 

[001 6 ] fSjRli 3 iC^S^^Ii. @ 5 &Zfm 9 

t-<ke>ic. *'^^stsi o±ic&ajm&i 2*jf*fiE-rs 

Xgi. Si ->y a>£i-/\2 1 lc» r ^roxy5 1 +> 
r-JCilbTSBl ->y =i>9x-/\2 1 J;yS5C\x_->^> 

yas«st«S2 ->y □>^x-/\2 2$rasy^tjti- 

T«g#2 3*H;fi5c-r^XS<t. S1 ->yzi>^ x -/N 

2 1 ^m^<om$izmmLxm^ a -> y a >® 2 4 
fiKt-sxet. ae<*2 3*nn6s->yn>ji2 4^^ 

0lCg^SXg«t. m2->y3>^7 X -/N2 2^b5I5 

s B B B •> y =1 >ii 2 4 ^s«micx „ 5^ >^*f-5 ci 
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lC<fcU, #5>XSt6l 0±IC}g^L/t^g->ijzi>^ 
^*5-)tt©@Sii2 7, 2 8iISfi2 7, 2 8 

ic^gift^o&ai^ti i 2 ©±^ics«i-r-5**£s-> u 

5 0, 8 0 £?§SIiI<!: £#t,>¥j9(*tl14-fe >tfCD^it 
[0 0 1 7] CCDif^ISI /«Et\L3lCffi-Siaig?3;£T 

Sffi£ffiO£<£>T, ■fe>+f-ttg±g:«^glN. MIC 2 ft 
<D > V =3 > 0 x U hu Izx h >> 7 

tt#tt*«ffl-r UTSS 2->ij3>')i-A2 2S 
&£L, 161 ->U 3>£x — /\2 1 (D*TffifiK$tlfcpI 

[0 0 18] 

OTI¥L<UiWr-5. S 1 2 KZSHt*. o t. 

Wcom 1 *«5JfJ^w*3»f*1f tt-fe >-y 3 o liflpgg-fc > 
t>-C&t>T, ^/7^ItS1 0±|c@S$n/£@S«g2 

7»tf2 8«>wic5r»«a2 6«#r«. pit!ia®2 

6. ISti2 7M2 8li, -ttl-?tl^SvU3> 
mffi2 6iii2 7&CXm8l2 6 <t®S2 8 

6li#5*S«1 OIC^fi&StUtlHlgin 1 ©±^lc:tifi 
U fc'-A3 1,31 (CfcU S+u #7 

*St6l 0lc»LT>?i!ilC^:^TlN-5„ t'-A 3 1 (OS 

3£SB3 1 a (igt& 1 0 ±|C@if £ft-5. 
[0 0 19] HvLttlW. fcf-AS3i5g|J3 1 a. 

ii2 7*tf 2 8lCI4fl»J(cWME«#&Sft*. COD 

O^Ep-C^-r«fc5ICtf-ASaiBSB3 1 at 3 1 a 

2 6 lib'- A 3 1,31 «aft£UTS»r*. oJW)W 
i26 <t@SSg2 7Xtf 2 8<DtBl<DfBimtfi&a<z>ft 
U. »$3fcyt5i. 5Iftil2 6,!:@Sli2 7S 

[0 0 2 0] fclc. 1 IIJ£Jfcfl!<D4M*«;tS14 

-b>-y-3 oroisii^-sicoiATijE^-s. n ic^-r=tp 

X-y5 1 >^bTC3SPl 1 ^JfjfiJc^-S. 
I00 2 U-S, (1 1 1)*ffiO»1i/ij3>ii 
-/\2 1 <D*®(CC(Dgi 1 x'Ja>Oi-/\2 i <fcy t) 
K OHl3.a<fr£.ol3.ff\7£.(f)X.yJ- J ? > h(C§§ UTI-yf 
>^3g<DKO (110) ;frfc»gS2->U3>9x-/\ 
2 2^@g^;£|cJ;yi 1 !iy^ti-TaSft2 3 

■r-5. si i ->y3>$ x -/\2 1 wsajE^sss&tfffl 



M 2 4 £Jfc/£lf-<5„ »H<* 2 3 £igf£H-> U3>i2 4 

#h«i i icwiai-r^ck^ic^^^sfii oicpbs»6 

-f-5. -?-<7)<£. KOH/j:t'©x>y^ + >hicJ;U|g2 -> 
Un>"5x-A2 2£x->^>^££ 1 hg ( „ SB2->yu 
>9x-/\2 2£&££;hT®mLfci|i$£Jlvij=l>/f 
2 40a®lC^/tu/c5'iJ>//|c«fclJ7;U5-r >A ( A 
I) £l2 5£Jfcfi£U /t*-z>yuft», SF 6 ^ 
lCck-5fi;ST<DS7i14 K^-fx^^-V^m V fi&lc 
AlS2 5$iSf§ t cniCcfcy^A->U3>S2 
4^S«MlCX-j/^> ; y^$tl. *I7*S«1 o±ic 
^•&U/t¥*SS->U =i >^e>#-5— *t£>@£?HI2 7, 
2 8 £-*t(D@;£©I 2 7,2 8 ld*£n/>^5;tf ^*S 
«51 0<D±^lC>?g)r«^A>''j3>A^/d:«BlKia 

S2 6 <t^fiE^nfc^*<*ffli4-b>-y-3 o^en 

"So 

[0 0 2 21 03 &zfm 4 urn 2 nmBm<D*m*m\t 
•ir >tt 4 o cofn*«itt >-y- 4 o itm&m 

■b>tl-T*oT. 2/^*St&1 0±lC@«$n/t^<*2 
9(DF^lCBlgimg2 6£WT-5. nJihnm2 6. 2 

9 li. -?-ti-f n*^s-> u =1 >frt>ta y . 2 6 lis 

*M*£>#f*2 9 ICF B 1Pi^*ltTiR§$n-S. pIS!)«@2 
6li;tf^*St£l 0 icffSfiKS+ifciyglS i 1 0D±^(ciag 
U K-A3 1,31 f=«fcy-t©B«B««3fel**tl. #7 
*St&1 OfcfctbT^iftlcfcoTO-So £-A3 1 OS 
$83? 3 1 a li#& 2 9 2 9a Icftg LX>^S« 1 

o±ic@s$n-5. ccoman i cDjs®icii(agij<ojs$ 
j:y/h$i^$o«iajsffii 2^jf5fi)c*ti*„ 

[0 0 2 3] HflvUttHftf. t'-AS^95 3 1 aS^i 
SIS' 2lclifflgiJlc«aiH«gX»</«j:$n^o 

4 orii. SJSlS@2 6IC*JLT. so>^En 
T^r<i:e)lCt'-ASaSgB3 1 a t 3 1 a^^S^lcil 
^•r*iei»^(fi]WAp^g^fflr-5<!:. aii&mti 2 6 li 
t'-A3 1,31 *5Efei<tUT^i!)-r^„ pI»!jSg2 6 

pIiftmH2 6i^aJB^1 2 <DFa1(0|?«§a^ 

[0024] ;^ic. *5g^©^ 2 nmtim<D*m*mv± 

iZ>V-4 OCDlS^iilCOlNTjiE^S,, 0 4|c^-T<fcp 
IC $fc-r#5*St5 1 0IC7->K<I<t*<DXu/^i»>hT- 
X->^>^UTC3gBl 1 ^Jf5fi)cU. C(DIH]g|5 1 l (OfeM 
lZX/ty?>J>#; HS^^i'lCckyAu, Pt, c 

u/i^'d^siiti^soiiK^e^^aissi 2$ 
[0025] -yj. w, i njg^s©iSit^<t^)«ic^ 

IV (1 1 1 ) JjflOSl ->'J Zl>^x-/\2 1 (DM-S 
ICd©^1 •>U3>'>i-/\2 1 <fcy =fc^03X-y^^ 
^iCBUTXy^yggOgiO (110) ^fiOD^ 
2->'J 3>^7x-/\2 2*ftSy^-*3l+TSS(*2 3*?B 
55 1 ->'J3>9i-/\2 1 (DSaiS$:filrS© 



(5) 



*$§3¥l 0-1 9 0 0 0 7 



mz izmmwmuTm&gh-> y => >m 2 a & mm-?*. 
*htmi* 2 3 £igfcsii-> y =1 >a 2 4 1 

mi mmmmtmmtzKOHfsii£(o^y^v>h 

ICckUSB2->U=i>^i-/\2 2 £x-;,^ u 

cnic j: ijsta Ltzmmn,-> y □ >n 2 4 oan:^/< 

7*S«1 O±fcg^Ufcl|MgS->ij3>0>e>«:-5#4* 
^"•S^a->'j3>^6>JS:*nii!)Bffi2 6 «t:;WBfi££*i 

[0026J @5 0 6 aft 3 nmmm<D*mi*mte 
t>moT, tf^xatsi o±ic@«$nfeH^a 

812 7&tf2 8anfC«XM£®-tt0iirtMt4l2 6, 

2 6£*r-rs, pnmta 2 6. @^sgi2 7^2 8 

2 7Mtl2 6<tmg2 8©5l\|C*HS)-r-5SB^*tffl 

tticjjjfdtsns. pi»mei2 6, 2 eii^xg^i 0 

3 1,31 fC£V*0MhP£tt£tl. #5>UMfi1 0 
(C*lLT>¥SllC/j:oTO-5„ t'-A3 1 ©S^gU3 1 a 

[0 0 2 7] B^Lftl^ t-A«3aggP3 1 a, 0^ 

mei2 ?M2 s. fctuntii 2 icafl)Mic«fteflut 

SSS&2 7M2 8fc£>7fc®E£EPJnU §| 
tB*»C«fclJoI»Sg$SJ«-r *«fc3lcfc-3TH*. COD 

^iii*«tt-ir >-y- 5 0 T-ii. 5iiftfBg2 6, 2 6ic*tb 

Ttf-AS^ai5 3 1 a £3 1 a UTft 

mmwitmrz t . masn 2 6, 2 e c a y * y a* 

•5. C<OttffiKJ(DBl®im€l2 6<t^aiBgi 1 2£<D®<D 

[0 0 2 8] fclc. *9EW<OSI3 9lffi]EIS0!>¥8li»«lSt 
■b>-y-5 OWSfit^iilCOlXTiS^*. H5ICjftrj:3 
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